tension, but a direct effect on cardiac myocyte ROS production Effect of green tea extract on cardiac hypertrophy following and growth was also identified. Clinical studies of green tea 5/6 nephrectomy in the rat. extract in chronic renal failure patients may be warranted. Background. Left ventricular hypertrophy commonly complicates chronic renal failure. We have observed that at least one pathway of left ventricular hypertrophy appears to involve signaling through reactive oxygen species (ROS). Green tea is a subPatients with renal failure develop cardiac hypertrophy stance that appears to have substantial antioxidant activity, yet commonly and often to a remarkable degree. It is known is safe and is currently widely used. We, therefore, studied whether green tea supplementation could attenuate the develthat the sodium pump is abnormal in chronic renal failure or remnant kidney surgery and given green tea extract (0.1% and 0.25%) or plain drinking water for the next 4 weeks. Heart is (are), ouabain (or a closely related compound), which weight, body weight, and cardiac Na-K-ATPase activity were is derived from plants, and marinobufagenin, which has measured at the end of this period. To further test our hypothebeen isolated from the venom of the bufa toad (Bufo sis, we performed studies in cardiac myocytes isolated from Marinus), are thought to be candidates [5][6][7].
is safe and is currently widely used. We, therefore, studied whether green tea supplementation could attenuate the develthat the sodium pump is abnormal in chronic renal failure or remnant kidney surgery and given green tea extract (0.1% and 0.25%) or plain drinking water for the next 4 weeks. Heart is (are), ouabain (or a closely related compound), which weight, body weight, and cardiac Na-K-ATPase activity were is derived from plants, and marinobufagenin, which has measured at the end of this period. To further test our hypothebeen isolated from the venom of the bufa toad (Bufo sis, we performed studies in cardiac myocytes isolated from Marinus), are thought to be candidates [5] [6] [7] .
adult male Sprague-Dawley rats. We measured the generation Recently, we have observed that signal transduction of ROS using the oxidant sensitive dye dichlorofluorescein (DCF) as well as ( 3 H)phenylalanine incorporation following leading to cardiac hypertrophy can proceed through soexposure to cardiac glycosides with and without green tea exdium pump inhibition induced by cardiac glycosides.
tract.
Moreover, we have observed that several of the genomic
Results. Administration of green tea extract at 0.25% reresults of this signal transduction require increases in sulted in attenuation of left ventricular hypertrophy, hypertension, and preserved cardiac Na-K-ATPase activity in rats subreactive oxygen species (ROS) within these cardiac myojected to remnant kidney surgery (all P Ͻ 0.01). In subsequent cytes [8] [9] [10] . Because of this, we postulated that inhibistudies performed in isolated cardiac myocytes, both ouabain tion of these ROS might attenuate the development of and marinobufagenin (MBG) were both found to increase ROS cardiac hypertrophy in a renal failure model. production and ( 3 H)phenylalanine incorporation at concentrations substantially below their inhibitor concentration (IC) 50
Tea (Camellia senesis) is native to the East Asia region for the sodium pump. Addition of green tea extract prevented and is currently being investigated for a variety of putaincreases in ROS production as well as ( 3 H)phenylalanine intive health benefits, including cancer prevention and atcorporation in these isolated cardiac myocytes.
tenuation of aging [11] [12] [13] [14] . Depending on the degree and
Conclusion.
Green tea extract appears to block the developmethod of fermentation, tea may be produced as green, ment of cardiac hypertrophy in experimental renal failure. Some of this effect may be related to the attenuation of hyperblack, and oolong varieties. Green tea, because it is the least fermented, is believed to have the greatest antioxidant properties [14] . The exact chemical(s) involved in
As green tea is believed to have significant antioxidant properties and ROS may play a critical role in the devel- and amino acid incorporation around a 21 gauge needle and the suprarenal abdominal Measurement of ROS was performed using the oxiaorta], and then removing the needle or performing sham dant sensitive dye, CMD-CFH (Molecular Probes, Eusurgery, and allowing recovery for 4 to 6 weeks. The surgene, OR, USA), and monitoring fluorescence induced by gical approaches have been described in detail in previous excitation at 490 nm and emission at 520 nm as we have publications from our laboratory [8, 16] . At this point, described previously [9] . This was accomplished with an the animals were anesthetized and the blood pressure Attoflor Ratioarc imaging spectrofluorimeter equipped was determined by placing a catheter in the carotid artery with a Zeiss inverted microscope and a 40ϫ Fluar objecprior to removal of the heart for subsequent studies.
tive (Zeiss Instruments, Zurich, Switzerland). In other Determination of cardiac weight and experiments, amino acid incorporation was measured Na-K-ATPase activity using 3H-labeled phenylanalanine incorporation over a 12-hour period as we have previously reported [8] . Hearts were removed with sharp scissors cutting through aorta and vena cava. Freshly removed hearts Preparation of green tea extract were stripped of adherent noncardiac tissues and blotted on dry gauze prior to weighing with a quick balance. In Longjin green tea leaves were extracted with hot wasome cases, cardiac tissue was homogenized, allowing for ter. Aqueous extracts were then filtered, concentrated, the formation of vesicles and determination of Na-Kand extracted twice with chloroform to remove caffeine. ATPase activity as we have previously reported [8] .
The remaining aqueous phase was extracted again with ethyl acetate to remove tea polyphenol and residual chloMeasurement of digitalis-like substances roform. The extracts were then air-dried under vacuum, Ouabain, marinobufagenin, and digoxin dissociationdissolved in ethanol, and filtered. The final extract was enhanced lanthanide fluoroimmunoassay (DELFIA) imobtained after ethanol was evaporated under vacuum. munoassays were performed as described previously This was provided by Dr. Han of the Institute of Nutri- [6, 7] . The assays are based on a competition between tion and Food Hygiene Chinese Academy of Preventive immobilized conjugated antigens [MBG-bovine serum Medicine, Beijing, China. This extract, which consists albumin (BSA), ouabain-ovalbumin, and digoxin-ovalprimarily of tea pigments, has a dark brown color and bumin] and digitalis-like substances within the sample is readily dissolved in water. The preparations used in for a limited amount of binding sites on polyclonal rabbit our studies were devoid of caffeine and contained about antiserums raised against MBG (1:100,000), ouabain 20% theaflavins and thearubigin [18]. (1:200,000, Chemicon International, Inc., Temecula, CA, USA) and digoxin (1:20,000, Sigma Chemical Company, Statistical analysis St. Louis, MO, USA). Secondary (goat antirabbit) antiData obtained were compared using the unpaired or body (1:2,000, Sigma Chemical Company) was labeled paired Student t test with Scheffe's correction for multiwith europium using a labeling kit (Perkin-Elmer, Bosple comparisons depending on the unpaired or paired ton, MA, USA). The limit of detection for each of these nature or the data [19] . Statistical analysis was performed assays was approximately 10 pmol/L. The cross-immunousing Sigmastat software. All animal experimentation reactivity of these assays with a panel of other, known described in the manuscript was conducted in accord with digitalis-like substances and steroid hormones, including the NIH Guide for the Care and Use of Laboratory Aniouabain, MBG, digoxin, digitoxin, fufalin, cinofagin, mals using protocols approved by the Medical College prednisone, spironlactone, proscillaridin, and progesterof Ohio Institutional Animal Use and Care (IACUC) one, was less than 5% except for the digoxin assay where digitoxin displayed 10% cross-immunoreactivity [6, 7] .
Committee. Heart weight/body weight Fig. 1 . Na-K-ATPase activity in hearts isolated from sham-operated ratio ϫ10 
RESULTS

Effect of green tea extract on heart size and blood pressure
The production of 5/6 nephrectomy as well as aortic constriction both resulted in considerable increases in both blood pressure and heart size. Rats subjected to 5/6 nephrectomy drank substantially more water than sham-treated rats, but administration of green tea extract in the drinking water at 0.1% and 0.25% did not alter this water intake in either the sham operated or 5/6 nephrectomy rats. Green tea extract administered in the drinking water at 0.25% but not 0.1% substantially decreased blood pressure and cardiac hypertrophy in the 5/6 nephrectomy rats (Table 1) . Rb uptake in isolated with sham-treated rats. Addition of green tea extracts cardiac myocytes to the drinking water at 0.25% markedly attenuated this Cells isolated from adult cardiac myocytes were subdecrease in Na-K-ATPase activity (Fig. 1) .
jected to increasing amounts of ouabain and MBG, and
86
Rb uptake was measured. These data are summarized in Effect of partial nephrectomy on serum levels of Table 2 . In separate studies (N ϭ 5), we observed no effect digoxin-like compound (DLC), MBG, and of green tea extract upon the inhibition of 86 Rb uptake by ouabain-like compound (OLC) either ouabain (100 mol/L) or MBG (1 mol/L). We measured the concentrations of DLC, MBG, and Effect of green tea extract and cardiac glycosides on OLC using an immunoassay. We found that 4 weeks cardiac myocyte growth and ROS generation following 5/6 nephrectomy, rats had significant elevations of DLC and MBG, but not OLC. The MBG inCells isolated from adult rats were subjected to increase was more than twofold. These data are presented creasing amounts of ouabain and MBG, and ( 3 H) phenylalanine incorporation was measured after 24 hours. These in Figure 2 . results are summarized in Table 3 . We found that both caused an increase in ROS formation (as measured by DCF fluorescence) above that seen in control adult carouabain and MBG increased amino acid incorporation compared with control. Green tea extract alone did not diac myocytes. Green tea extract alone did not affect ROS formation compared with control (N ϭ 10, data significantly affect amino acid incorporation.
In the next study, we saw that both ouabain and MBG not shown). However, the addition of green tea extract should have been anticipated as Yokozawa et al [25] cence over time. Fluorescence in cells treated with GT alone increased at a rate comparable to control (data not shown). *P Ͻ 0.05; #P Ͻ 0.01 reported that green tea protected against progression of vs. control.
renal failure in a similar model. We should also stress that we measured anesthetized blood pressure in these animals, and it is possible that conscious blood pressure values to ouabain and MBG prevented increases in ROS commight have differed. Previously, we have observed that pared with control conditions (Figs. 3 and 4) . sodium pump inhibition induced by dietary potassium In the last study, we saw that the dose of green tea restriction can increase cardiac hypertrophy seen with extract, which prevented increases in ROS from ouabain suprarenal aortic constriction; however, rats treated with and MBG, also prevented increases in amino acid incordietary potassium restriction alone did not develop meaporation seen with these agents (Fig. 5) .
surable cardiac hypertrophy [8] . We concluded that, in vivo, hypertension appeared to be a necessary cofactor to allow for pump inhibition to induce measurable hyper-DISCUSSION trophy. The cardiac hypertrophy seen with chronic renal failBecause the attenuation of hypertension might explain ure presents a tremendous clinical problem. Mortality all of the green tea extract effect on cardiac hypertrophy, rates in end-stage renal disease (ESRD) patients are we chose to directly examine the effects of green tea approximately 20% per year, and more than 50% of this extracts on the cardiac hypertrophy process and moved mortality is cardiac [20] . Although a number of factors to the isolated cardiac myocyte system where other fachave been implicated in the pathogenesis of this cardiac tors (e.g., blood pressure, anemia) could be easily conhypertrophy, including anemia and hypertension, it is trolled. As we demonstrated that digitalis-like subsuspected that some uremic factors are involved in this stances, specifically substances that react with digitalis process [21] [22] [23] [24] . Our laboratory has been interested in and MBG but not ouabain antibodies were increased in the cardiac hypertrophy, which can be induced by sodium the 5/6 nephrectomy model, this was the pertubation pump inhibition, and we have observed that this process on which we chose to focus. Unfortunately, we did not appears to involve signal transduction through the sodium examine whether the green tea extract might affect these pump [10, 17] . We have also observed that the genomic elevations in digitalis-like substances in this model. In consequences of signal transduction through this system the isolated myocyte system, we saw that ouabain and appear to require an increase in myocyte ROS [9] .
MBG caused cardiac hypertrophy as assessed by radioacIn the present study, we observed that the administrative amino acid incorporation at levels substantially betion of green tea extract essentially blocked the developlow the observed IC 50 for these substances. We also ment of cardiac hypertrophy in the 5/6 nephrectomy saw that doses of these cardiac glycosides, which caused model. When we designed this study, we did not expect hypertrophy, also resulted in substantial increases in to see that the green tea extract would also attenuate the ROS production as measured with the oxidant sensitive increase in blood pressure seen with the 5/6 nephrectomy model, but this, in fact, occurred. However, perhaps this dye, DCF. Finally, we observed that administration of green tea extracts blocked both the increases in produc-REFERENCES tion of ROS and amino acid incorporation seen with the at 0.25% without any reservations whatsoever.
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We think that these results are interesting for a num- effects seen in the animals we studied, this would be
